Kojic acid synthesis genes regulation was investigated in Aspergillus oryzae. Our results indicate that kojic acid production was lost in the laeA disruption strain, but was recovered in the LaeA complement strain. Realtime PCR also confirmed that expression of kojic acid biosynthesis genes decreased in the laeA disruption strain, indicating that these genes are under the control of LaeA.
1)
Kojic acid (KA) is a secondary metabolite produced industrially by aerobic fermentation using Aspergillus species such as A. oryzae, A. flavus, and A. tamarii.
2)
KA has a variety of applications, including use as a skinlightening agent, an antioxidant, and an antibiotic.
3) A recent study identified parts of the KA synthetic gene cluster that were constituted from AO090113000136 to AO090113000138 (Genbank accession number: AP007166) by microarray and gene disruption analysis. 4) According to another study, KA production was lost in the laeA disruption (ÁLaeA) strain in A. flavus, 5) but it was uncertain how LaeA controlled KA production. To elucidate laeA regulation of KA production in A. oryzae, we produced a disruption mutant.
The sequence for A. oryzae laeA was obtained from DDBJ (AB267276) with a perfect match of amino acid sequence to A. flavus laeA. To analyze the laeA function in A. oryzae, ÁLaeA was created by a procedure described by Tamano et al. (2007) .
6) The laeA gene disruption cassette was generated by fusion polymerase chain reaction (PCR). The 5 0 -and 3 0 -arms of the laeA gene were amplified from genomic DNA by primers 5F/ 5R (for the 5 0 -arm) and 3F/3R (for the 3 0 -arm). The pyrG gene was amplified by primer pair pyrG-F/pyrG-R. The PCR products were used for a second PCR with a pair of primers, 5F/3R, to fuse the 5 0 and 3 0 regions of the target gene at the ends of the pyrG gene. The primer sequences (5 0 !3 0 ) were as follows: GGGGGATCC-ACGGCGTTCTCTATTATTATCTCTTTG (5F), CAC-AGGGTACGTCTGTTGTCCCTTGCCACCGTGAAT-AATTTGTG (5R), CACGGTGGCAAGGGACAACA-GACGTACCCTGTGATGTTC (pyrG-F), GGGGCGT-AAAATTCGAACTGCACCTCAGAAGAAAAGGATG (pyrG-R), TTCTTCTGAGGTGCAGTTCGAATTTTA-CGCCCCATTCGACTTC (3F) and GGGGGATCC-GAATGATGTGGTCCTGAAGTGTGATGA (3R). A. oryzae ÁLigDÁPyrG was used as the host in transformation. 7) To construct the pyrG complement strain (PyrGþ), ÁLigDÁPyrG was transformed using only the pyrG gene fragment amplified with primer pair pyrG-F/ pyrG-R. To complement the laeA deletion mutant, the ÁLaeA strain was transformed with plasmid pN-LaeA. pN-LaeA was constructed by inserting a 2.7-kb PCR fragment including laeA ORF between the SalI and the SpeI site of plasmid pUN. 8) This PCR fragment was obtained from DNA, using the primer pair LaeAcompF (ACGGTCGACACCAACCACAACACCTTCTCTAA-ATC) and LaeAcompR (GGACTAGTCCATAACCAA-CAGCCTAAACAGAACG). ÁLaeA, PyrGþ, and LaeAcomp were grown on yeast-peptone-dextrose (YPD) medium at 30 C for 24 h, and genomic DNA was extracted using a Wizard Ò Genomic DNA Purification Kit (Promega, Madison, WI) following the manufacturer's protocol. PCR analysis confirmed that correct gene integration occurred and that the homokaryon was present in several transformants (Fig. 1A , B). Disruption of laeA by pyrG insertion in ÁLaeA, laeA single copy integration at the niaD locus in ÁLaeAcomp, and pyrG complementation at the pyrG locus excluding A. nidulans sC in PyrGþ were confirmed by Southern hybridization (data not shown).
To confirm the expression of laeA in the ÁLaeA and LaeAcomp strains, we performed RT-PCR using mRNA prepared from liquid minimal medium (0.6% NaNO 3 , 0.052% KCl, 0.052% MgSO 4 , 0.152% KH 2 PO 4 , and 1% glucose) at 30 C for 5 d. Reverse transcriptions were performed using 1 mg of mRNA and Superscript III (Invitrogen, Carlsbad, CA) following the manufacturer's instructions. laeA expression was not confirmed in the ÁLaeA strain, whereas it increased in a time-dependent manner in the LaeAcomp strain (data not shown).
Next we elucidated the effects of laeA deletion on KA production in A. oryzae. KA production was measured by Bentley's colorimetric method. 9) We began by analyzing KA production temporally over 9 d in the RIB40 strain under KA-producing (10% glucose, 0.05% yeast extract, 0.05% KCl, 0.1% KH 2 PO 4 , 0.1% 
Note strains were cultured on the KA production medium for 9 d to measure KA production.
KA was not detected in the ÁLaeA strain, whereas production in the LaeAcomp strain matched the production of the control strain (Fig. 2) . Our results indicate that KA production was lost in the ÁLaeA strain, but recovered in the LaeAcomp strain. These data indicate that LaeA is required for KA production in A. oryzae.
Recent studies have determined that parts of KA biosynthesis genes are present in the cluster from AO090113000136 to AO090113000138. KA biosynthesis gene AO090113000136 has a motif for FDAdependent oxidoreductase, and AO090113000137 has a fungal transcriptional factor motif. Preliminary studies have indicated that AO090113000137 (a transcription factor) activated AO090113000136 (an enzyme) and AO090113000138 (a transporter). 4) The influence of the laeA deletion on the expression of KA biosynthesis genes was analyzed by real-time PCR. The ÁLaeA and PyrGþ strains were cultivated at 30 C for 72 h under KA-producing conditions. Total RNA was extracted with RNAiso (Takara, Kyoto, Japan) according to the manufacturer's instructions. mRNA was purified using an OligotexÔ-dT30(Super) mRNA Purification Kit (Takara) following the manufacturer's protocol. Reverse transcription and real-time PCR were carried out by the methods of Kobayashi et al. (2007) , 10) (AO090113000136R), CAACTCAGGCACCGCTTTC (AO090113000137F), TCCAGCTAAACCCGTACA-CCTT (AO090113000137R), TTTGGAGGATGCCGA-CGAT (AO090113000138F), and TTCCTGGCGTGG-AGTATGG (AO090113000138R). Histone H1 was used as an endogenous control. We isolated total RNA and mRNA from the ÁLaeA and PyrGþ strains.
The levels of KA biosynthesis gene expression decreased markedly in the ÁLaeA strain (Fig. 3) . In particular, the expression of AO090113000136 decreased drastically. These results indicate that laeA regulates KA biosynthesis genes AO090113000136, AO090113000137, and AO090113000138.
In conclusion, we analyzed the role of LaeA in A. oryzae. Our results indicate that KA production was lost in the ÁLaeA strain, but recovered in the LaeAcomp strain. The real-time PCR results also confirmed that the expression of KA biosynthesis genes decreased in the ÁLaeA strain, indicating that these genes are under the control of LaeA. However, we could not determine whether LaeA directly regulated AO090113000136, AO090113000137, and AO090113000138, or only AO090113000137. We intend to perform DNA microarray analyses of gene expression in the strains used in this study to elucidate further the mechanism of regulation and the function of LaeA in A. oryzae.
